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APPLICANT(S) 

BoxPCT 

Assistant Commissioner for Patents 
Washington D.C. 20231 

ATTENTION: EO/US 

NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 months from the 
priority date: (I) a copy of the international application, unless it has been previously communicated by the International 
Bureau or unless it was originally filed in the USPTO; and (2) the basic national fee (see 37C.FR.§1 492(a)). The 30- 
month time limit may not be extended. 37 C.F.R. § 1.495. 

WARNING: Where the items are those which can be submitted to complete the entry of the international application into the 



CERTIFICATION UNDER 37 C.F.R. 1.10* 

(Express Mad label number is mandatory.) 
(Express Mail certification is optional ) 

I hereby certify that this correspondence and the documents referred to as attached therein are being deposited with the United 
States Postal Service on this date Hj^faOOO in an envelope as "Express Mail Post Office to Addressee," Mailing 
Label Number EL686848336US . addressed to the; Assistant Commissioner for Patents, Washington, D.C. 2023 1. 



{type or print name of person mailing paper) 



-e of person mailmg paper 

Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R. 1.8 cannot be used to 
obtain a date of mailing or transmission for this correspondence. 

Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" mailing label 
placed thereon prior to mailing. 37 C.F.R. 1.10(b). 

"Since the filing of correspondence under §1.10 without the Express Mail mailing label thereon is an 
oversight that can be avoided by the exercise of reasonable care, requests for waiver of this requirement will 
not be granted on petition. " Notice of Oct. 24, 1996, 60 Fed Reg. 56,439, at 56,442. 



(Transmittal Letter to the United States Elected Office (EO/US)— page 1 of 8) 



09/647109 



529R8c'dPCT/PT0 26 SEP2000 

national phase are subsequent to 30 months from the priority date the application is still considered to be in the 
international state and if mailing procedures are utilized to obtain a date the express mail procedure of 37 
C.F.R. §1.10 must be used (since international application papers are not covered by an ordinary certificate of 
mailing - See 37 C.F.R. §1.8. 

NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 USC 371 otherwise the 
submission will be considered as being made under 35 USC 111. 37 CF.R. § 1.494(f). 



1 . Applicant herewith submits to the United States Elected Office (EOAJS) the following items under 
35U.S.C. 371: 

This express request to immediately begin national examination procedures (35 
U.S.C. 371(f)). 

The U.S. National Fee (35 U.S.C. 371(c)(1)) and other fees (37 C.F.R. § 1.492) as 
indicated below: 



a. JM 

b. [X] 
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2.Fees 



CLAIMS 
FEE 


(l)FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULA- 
TIONS 


r ]* 


TOTAL 
CLAIMS 


31 -20 = 


11 


X $ 18.00 = 


$198.00 




INDEPENDENT 
CLAIMS 


2 -3 = 




X $78.00 = 






MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $260.00 




BASIC FEE** 


[ ] U. S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth m § 1.482 
has been paid on the international appUcation to the U.S. PTO: 
[ ] and the international preliminary examination report states that 
the criteria of novelty, inventive step (non-obviousness) and 
industrial activity, as defmed in PCT Article 33(2) to (4) have 
been satisfied for all the claims presented in the application 
entering the national stage (37 CFR 1 .492(a)(4)) $96.00 
[ ] and die above requiremeats are not met (37 CFR 1 .492(a)(1)) 
$670.00 






[X] U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1 .482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the U.S. 
PTO: 

[ ] has been paid (37 CFR 1 .492(a)(2)) $760.00 

[ ] has not been paid (37 CFR 1 .492(a)(3)) $970.00 

[X] where a search report on the intemational application has been 
prepared by the European Patent Office or the Japanese Patent 
Office (37 CFR 1.492(a)(5)) $840,00 






Total of above Calculations 


= 1038.00 


SMALL 
ENTITY 


Reduction by Vi for filing by small entity, if apphcable. Affidavit must be filed, (note 
37 CFR 1.9, 1.27, 1.28) 






Subtotal 


1038.00 




Total National Fee 


$ 1038.00 




Fee for recording the enclosed assignment document $40.00 (37 CFR 1.21(h)). (See 
Item 13 below). See attached "ASSIGNMENT COVER SHEET". 




TOTAL 


Total Fees enclosed 


$ 1038.00 
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*See attached Preliminary Amendment Reducing the Number of Claims. 

i- [ ] A check in the amount of to cover the above fees is enclosed. 

ii. ^[-X] Please charge Account No. 18-0013 in the amount of $ 1038.00 . 
A duplicate copy of this sheet is enclosed. 

**WARNING: "To avoid abandonment of the application the applicant shall furnish to the United States Patent and 
Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) the basic 
national fee (see § 1.492(a)). The 30-month time limit may not be extended. "37 C.F.R. § 1.495(b). 

WARNING: If the translation of the international application and/or the oath or declaration have not been submitted by 

the applicant within thirty (30) months from the priority date, such requirements may he met within a time 
period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of the surcharge set forth in § 1.492(e) is 
required as a condition for accepting the oath or declaration later than thirty (30) months after the priority 
date. The payment of the processing fee set forth in § 1.492(f) is required for acceptance of an English 
translation later than thirty (30) months after the priority date. Failure to comply with these requirements 
will result in abandonment of the application. The provisions of§l. 136 apply to the period which is set 
Notice of Jan. 3, 1993, 1147 O.G. 29 to 40. 

3 . -[X] A copy of the International application as filed (3 5 U. S . C . 3 7 1 (c)(2)) : 

NOTE: Section 1 . 495 (b) was amended to require that the basic national fee and a copy of the international application must 
be filed with the Office by 30 months from the priority date to avoid abandonment "The International Bureau normally 
provides the copy of the international application to the Office in accordance with PCT Article 20. At the same time, 
the International Bureau notifies applicant of the communication to the Office. In accordance with PCT Rule 47.1, ' 
that notice shall be accepted by all designated ojfices as conclusive evidence that the communication has duly taken 
place. Thus, if the applicant desires to enter the national stage, the applicant normally need only check to be sure the 
notice from the International Bureau has been received and then pay the basic national fee by 30 months from the 
priority date. '•Notice of Jan. 7. 1993, 1147 O.G 29 to 40, at 35-36 See item 14c below. 

a. [X] is transmitted herewith. 

^- [ ] is not required, as the application was filed with the United States Receiving 
Office. 

c. [ ] has been transmitted 

i. [ ] by the International Bureau. 

Date of mailing of the application (from form PCT/IB/308): . 

ii- [ ] byapphcanton . 

Date 

k [X] A translation of the hitemational application into the English language (35 U S C 
371(c)(2)): 

a. [X] is transmitted herewith. 

b. [ ] is not required as the application was filed in Enghsh. 

c. [ ] was previously transmitted by applicant on 

Date 

d. [ ] will follow. 



[ ] Amendments to the claims of the International application under PCT Article 19 (35 
U.S.C. 371(c)(3)): 
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NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing and continuing 
practice that PCT Article 19 amendments must be submitted by 30 months from the priority date and this deadline may 
not be extended. The Notice further advises that: "The failure to do so will not result in loss of the subject matter of the 
PCT Article 1 9 amendments. Applicant may submit that subject matter in a preliminary amendment filed under section 
1.121. In many cases, jiling an amendment under section 1. 121 is preferable since grammatical or idiomatic errors 
may be corrected. "1147 O.G. 29-40, at 36. 



[ ] are transmitted herewith. 

[ ] have been transmitted 

i- [ ] by the International Bureau. 

Date of mailing of the amendment (from form PCT/IB/308): 

ii. [ ] by applicant on . 

Date 

[ ] have not been transmitted as 

i- [ ] applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210): 



ii- [ ] the time limit for the submission of amendments has not yet expired. The 
amendments or a statement that amendments have not been made will be 
transmitted before the expiration of the time limit under PCT Rule 46. 1 . 

[ ] A translation of the amendments to the claims under PCT Article 19 (38 U.S.C. 
371(c)(3)): 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the amendments were made in the English language, 
c- [] has not been transmitted for reasons indicated at point 5(c) above. 

[ x ] A copy of the international examination report (PCT/IPEA/409) 
[ X ] is transmitted herewith. 
" [ '] is not required as the application was filed with the United States Receiving 
Office. 

[ X ] Annex(es) to the international preliminary examination report 

a. [x] is/are transmitted herewith. 

b. [ ] is/are not required as the application was filed with the United States Receiving 

Office. 

[ ] A translation of the annexes to the international preliminary examination report 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the annexes are in the English language. 

[X] An oath or declaration of the inventor (35 U.S.C. 371(c)(4)) complying with 35 U.S C 
115 

a. [ ] was previously submitted by applicant on . 

Date 

b. [ ] is submitted herewith, and such oath or declaration 
i. [ ] is attached to the application. 

ii- [ ] identifies the application and any amendments under PCT Article 1 9 that 
were transmitted as stated in points 3(b) or 3(c) and 5(b); and states that 
they were reviewed by the inventor as required by 37 C.F.R. 1 .70. 
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lii. _^P^]' will follow. 
Other document(s) or information included: 

11. [x] An International Search Report (PCT/ISA/2 1 0) or Declaration under PCX Article 

17(2)(a): 

a. [ X ] is transmitted herewith. 

b. [ ] has been transmitted by the International Bureau. 

Date of mailing (from form PCT/IB/308): . 

c. [ ] is not required, as the application was searched by the United States 

International Searching Authority. 

d. [ ] will be transmitted promptly upon request. 

e. [ ] has been submitted by applicant on . 

Date 

12. [X] An Information Disclosure Statement under 37 C.F.R. 1 .97 and 1 .98: 

a. [X] is transmitted herewith. 

Also transmitted herewith is/are: 
[X] Form PTO-1449 (PTO/SB/08A and 08B). 
, [X] Copies of citations listed. 

b. [ ] will be transmitted within THREE MONTHS of the date of submission of 

requirements under 35 U.S.C. 371(c). 

c. [ ] was previously submitted by applicant on . 

Date 

13. [ ] An assignment document is transmitted herewith for recording. 

A separate [ ] "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPANYING 
NEW PATENT APPLICATION" or[ ] FORM PTO 
1595 is also attached. 



[X] Additional documents: 

a. [] Copy of request (PCT/RO/1 01) 

b. [ X ] International Publication No. WO99/50113 
i- [ ] Specification, claims and drawing 

ii. —['X'] Front page only 

c. [X] Preliminary amendment (37 C.F.R. §1.121) 

d. [ ] Other 



15. 



[X] 



The above checked items are being transmitted 
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a. ^-^P^] before 30 months from any claimed priority date. 

b. [ ] after 30 months. 

16. [ ] Certain requirements under 35 U.S.C. 371 were previously submitted by the applicant on 
, namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

JNG: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges if extra 
claims are authorized. 

"A written request may be submitted in an application that is an authorization to treat any concurrent or future reply, 
requiring a petition for an extension of time under this paragraph for its timely submission, as incorporating a petition 
for extension of time for the appropriate length of time. An authorization to charge all required fees, fees under §1.17, 
or all required extension of time fees will be treated as a constructive petition for an extension of time in any 
concurrent or future reply requiring a petition for an extension of time under this paragraph for its timely submission. 
Submission of the fee set forth in § 1. 1 7(a) will also be treated as a constructive petition for an extension of time in any 
concurrent reply requiring a petition for an extension of time under this paragraph for its timely submission "37 
C.F.R. § 1 136(a)(3). 

"Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable time, nor 
will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check or, if requested, 
by credit to a deposit account. " 37 C.F.R. § 1.26(a). 

[X] The Commissioner is hereby authorized to charge the following additional fees that may 
be required by this paper and during the entire pendency of this application to Account 



[X] 37 C.F.R. 1 .492(a)(1), (2), (3), and (4) (filing fees) 



WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F R. § 1 495(b)(2)) results 
in abandonment of the application, it would be best to always check the above box. 

pC] 37 C.F.R. 1 .492(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must only 
be paid or these claims cancelled by amendment prior to the expiration of the time period set for response by the PTO 
in any notice of fee deficiency (37 C.F.R. § 1.492(d)). it might be best not to authorize the PTO to charge additional 
claim fees, except possible when dealing with amendments after final action. 

[X] 37 C.F.R. 1.17 (application processing fees) 
[X] 37 C.F.R. 1 . 17(a)(l)-(5)(extension fees pursuant to § 1 .136(a). 
[ ] 37 C.F.R. 1.18 (issue fee at or before mailing of Notice of Allowance, pursuant 
to37C.F.R. 1.311(b)) 



NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice of 
Allowance, the issue fee will be automatically charged to the deposit account at the time of mailing the notice of 
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allowance. 37 C.F.R. § 1 311(b). 



NOTE: 37 C.F.R. 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must be filed in the 
application . . . prior to paying, or at the time of paying . . . issue fee. " From the wording of 37 C.F.R. § 1.28(b): (a) 
notification of change of status must be made even if the fee is paid as "other than a small entity" and (b) no 
notification is required if the change is to another small entity. 

^.^X] 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration and/or 

filing an English translation of an Intemational Application later than 30 months 
after the priority date). 



Reg. No.: 33,373 

Tel. No.: (248) 594-0650 




(type or print name of practitioner) 



RADER, FISHMAN & GRAUER PLLC 
P.O. Address 

39533 Woodward Ave., Suite 140 
Bloomfield Hills. MI 48304 



CUSTOMER NO.: 010291 
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AP9360 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Gronau et al. 
IntT Application No.: PCT/EP99/02067 
IntT Filing Date: 26/March/1999 

Serial No. : Group Art Unit: 

Filed: Herewith Examiner: 

For: Method and Device for Determining Correction Values for Wheel 



Please amend the application as follows prior to examination on the merits. 

IN THE DRAWINGS 

Submitted herewith is one sheet of translated text related to Fig. 3. The undersigned 
will submit a formal Fig. 3 once it has been entered of record by the Examiner. 



Speeds 



Attorney Docket No.: AP9360 



Paper No. 



Box PCT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 
Attn: EO/US 



PRELIMINARY AMENDMENT 



Dear Sir: 



CERTIFICATE OF MAILINGyTRANSMISSION (37 CFR 1.8(a)) 



I hereby certify that this correspondence is, on the date shown below, being: 



S^eposited with the United States Postal Service □ transmitted by facsimile to the Patent and TrademarIt Office, 
with sufficient postage as Express IVIail, Post Office to Examiner at 



to Addressee, mailing label no.: EL686848336US, 
addressed to Box PCT, Assistant Commissioner 
of Patents Washington, DC 20231 





Joyce Krumpe 
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IN THE CLAIMS 

Please cancel claims 1-35 and add the following new claims. 

36. (New) A method for determining correction values for the wheel speeds of a 
vehicle, comprising the step of: 

determining the speeds of the vehicle wheels during travel, 

evaluating the speeds of the wheels in groups, for the wheels of the non-driven 

axle, and for the wheels of the left-hand vehicle side and the right-hand vehicle side, 

and determining correction values for the individual wheels of the vehicle are 

determined in accordance with the results of the evaluation step. 

37. (New) A method according to claim 36, wherein the evaluation in groups is 
effected for wheel speeds in relation to the wheel speed values determined during a state of 
travel in which conditions exist that are favorable for the evaluation of the wheel speed values 
of the group under consideration. 

38. (New) A method according to claim 37, wherein the determined speeds of the 
vehicle are determined during a straight travel of the vehicle. 

39. (New) A method according to claim 37, wherein the speeds of the vehicle wheels 
are determined during the disengaged state. 

40. (New) A method according to claim 37, wherein the speeds of the vehicle wheels 
are determined during a travel state in which the driving moment or the vehicle acceleration is 
positive and the speed of the wheel on the axle driven or deemed driven is lower than the 
speed of the wheel on the axle non-driven or deemed non-driven, or during a travel state in 
which the driving moment or the vehicle acceleration is negative and the speed of the wheel 
on the axle driven or deemed driven is higher than the speed of the wheel on the axle non- 
driven or deemed non-driven. 
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41. (New) A method of claim 38, wherein the wheel speeds used for the evaluation 
grouped by vehicle sides are determined at different times than the wheel speeds used for the 
evaluation grouped by vehicle axles. 

42. (New) A method according to claim 36, wherein the evaluation in groups of 
wheel speeds covers the ratio formation or difference formation or the pair-wise 
normalization of the speeds of the wheels of this group. 

43. (New) A method according to claim 36, wherein a correction value is selected for 
one wheel, preferably the slowest wheel, and in relation thereto and in accordance with the 
results of evaluation, correction values are determined for the rest of the vehicle wheels. 

44. (New) A method according to claim 43, wherein a preliminary correction value is 
selected for the slowest wheels on each side of the vehicle, and for the remaining wheel on 
each side, a preliminary correction value is determined in accordance with the slowest wheel 
speeds determined on that respective side. 

45. (New) A method according to claim 44, wherein final values of correction are 
determined fi-om the preliminary values of correction in accordance with the wheel speeds 
determined on one axle. 

46. (New) A method according to claim 36, wherein the determination of the wheel 
speed of the vehicle wheel includes sensing the rotating speed of the wheel by means of a 
wheel sensor and, subsequent filtering of the sensed values. 

47. (New) A method accordmg to claim 38, wherein the straight travel of the vehicle 
is detected by evaluating the time sequence of the difference of the wheel speeds preferably 
on the non-actuated axle of the vehicle. 
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48. (New) A method according to claim 47, wherein the difference of the wheel 
speeds includes using a first deep pass with a first time constant and, in parallel thereto, and 
using a second deep pass with a second time constant exceeding the first time constant, and 
further including checking whether the amount of difference of the output signals of the two 
filters is below a threshold value. 

49. (New) A method according to claim 48, wherein the first time constant is in the 
range of between 10 and 100 s. 

50. (New) A method according to claim 48, wherein the second time constant has a 
value 5 to 15 times the value of the first time constant. 

51. (New) A method according to claim 48, wherein the threshold value decreases 
with an increasing vehicle speed. 

52. (New) A method according to claim 48, further including the step of checking 
whether the amount of difference of the output signals of both filters, within a gating time, 
permanently or at least for an adequate period of time, falls below the threshold value, and 
that, once this criterion is fiilfilled, straight driving is detected. 

53. (New) A method according to claim 52, further including the step of detecting 
straight driving, checking the time sequence of the output signal of the second deep pass and 
determining whether, within a gating time, it permanently or for an adequate period of time, 
falls below a threshold value. 

54. (New) A method according to claim 48, wherein the evaluation in groups for the 
wheels of one axle is continuous in that upon detection of straight driving, the output signal 
of the second deep pass is stored as a reference value preliminarily representing the result of 
the evaluation, the reference value is compared to current output signals of the second deep 
pass and, in case of differences, the reference value is tracked with part of the difference to 
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the current signal value, with an acknowledgement signal used to release the stored reference 
value being additionally generated if the difference within a predetermined period of time was 
sufficiently small. 

55. (New) A device for determining values of correction for the wheel speeds of a 
vehicle, comprising: 

wheel sensors for determining the speeds of the wheels of the vehicle during 

travel, 

determining means for evaluating the speeds of the vehicle wheels in groups 
for at least one vehicle axle and at least one vehicle side, and 

means for determining the values of correction for the individual wheels of the 
vehicle in accordance with the results of evaluation. 

56. (New) A device according to claim 55, wherein the determining means further 
includes a means for evaluating, in groups, the speeds of the wheel of the non-driven axle, 
and respectively one device for evaluating, in groups, the speeds of the wheels on the left- 
hand vehicle side and the right-hand vehicle side. 

57. (New) A device according to claim 55, further including state detection means for 
determining a driving state in which conditions for the wheel speed values of the group under 
consideration prevail that are favorable for evaluating wheel speeds, in groups. 

58. (New) A device according to claim 57, wherein the state detection means further 
includes detecting means for detecting straight travel of the vehicle. 

59. (New) A device according to claim 57, wherein state detecting means further 
includes detecting means for detecting the disengaged state in the vehicle. 
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60. (New) A device according to claim 56, wherein said device for evaluating, in 
groups, wheel speeds includes a means for forming the ratio or the difference or for the 
normalization, in pairs, of the speeds of the wheels of the said group. 

61. (New) A device according to claim 58, wherein the detecting means for detecting 
the straight travel of the vehicle further includes at least one deep pass filter for evaluating the 
value of the difference between the wheel speeds of one axle. 

62. (New) A device according to claim 61, wherein the detecting means for detecting 
the straight travel further includes a first deep pass filter having a first time constant, and a 
second deep pass filter having a second time constant exceeding the first time constant, and a 
check means for checking the difference of the output signals of the two filters. 

63. (New) A device according to claim 62, wherein the first time constant is in the 
range of between 10 and 100 ms. 

64. (New) A device according to claim 62, wherein the second time constant has a 
value 5 to 15 times the first time constant. 

65. (New) A device according to claim 62, further including means for checking 
whether the amount of difference of the output signals of both filters, within a gating time, 
permanently or at least for an adequate period of time, falls below the threshold value. 

66. (New) A device according to claim 62, flirther including means for checking the 
time sequence of the output signal of the second deep pass filter. 

REMARKS 

Prior to a formal examination of the above-identified apphcation, acceptance of the 
new claims and the enclosed substitute specification (under 37 CFR 1.125) is respectfully 
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requested. It is believed that the substitute specification and new claims will facilitate 
processing of the application in accordance with M.P.E.P. 608.01 (q). The substitute 
specification and new claims are in comphance with 37 CFR 1.52 (a and b) and, while 
making no substantive changes, are submitted to conform this case to the formal requirements 
and long-established formal standards of U.S. Patent Office practice, and to provide improved 
idiom and better grammatical form. 

The enclosed substitute specification is presented herein in both marked-up and clean 
versions. 



states that the enclosed substitute specification includes the same changes as are indicated in 
the mark-up copy of the original specification. The substitute specification contains no new 
subject matter. 



STATEMENT 



The undersigned, an attorney registered to practice before the office, hereby 




(248) 594-0650 
Attorney for Applicants 



R0094058.DOC 
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Fig. 3 
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Method and Device for Determining Correction Values for Wheel Speeds 
Technical Field 

The present invention generally relates to a system for determining wheel speed and more 
particularly relates to a method and a device for determining correction values for use in 
determining vehicle wheel speeds. 

Background of The Invention 

Wheel speeds normally are sensed by wheel sensors. Wheel sensors of this type, normally, are 
so designed as to sense angular speeds, for example, by monitoring on a sensor the passage of 
markings that move along with the wheel, thereby obtaining a pulse sequence the frequency 
of which rises the wheel speed increases. 

The wheel speed, in technical language also called circumferential speed of the wheel, is 
related to the rotating or angular speed by the mathematical relationship: v = tu . r, wherein v 
is the wheel speed (more precisely speaking, the circumferential speed of the wheel); w is the 
angular speed of the wheel and r is the tire radius. The tire radius is, therefore, integrated into 
the computation of the wheel speed. The tire radius can be determined, for example, from 
manufacturers' data by applying an average value within the manufacturing tolerances. As the 
tire radii can vary on the individual wheels of a vehicle, for example, due to wear, 
manufacturing tolerances, use of tires from different manufacturers etc., and as the precise 
values of the radii are not known, the wheel speed can be computed from the directly sensed 
(and, optionally, filtered) angular speed of the wheel considered by way of approximation 
only. 

In comparatively precise slip and stability controls but also for algorithms of vehicle state 
detection employing, for example, the wheel slip or the wheel speed differences etc., it is, 
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therefore, mandatory to eliminate the negative influence of different tire radii. Consequently, 
correction values will have to be determined for each individual wheel by which the 
corresponding wheel speed can be corrected, as the wheel speeds, in the majority of cases, are 
determined on the assumption that the wheels are of exactly the same tire radii. 

DE 4 424 318 C2 teaches a traction slip control system stipulating conditions for determining 
correction factors. The vehicle sides (left or right) are separately considered. A tire tolerance 
computation is permitted if predetermined conditions with respect to the butterfly throttle 
angle, on the one hand, and with respect to the relationship of the speeds of the wheels of 
actuated and non-actuated axles on the vehicle side under consideration, on the other hand, 
have been complied with. 

This prior art method involves the disadvantage that by comparing the non-corrected wheel 
speeds, the scaling conditions in a substantially deviating wheel, frequently, are ftilfilled, 
thereby substantially affecting the accuracy of a subsequent evaluation method. Moreover, no 
criteria are quoted for scaling the wheel speeds of the left-hand vehicle side to the right-hand 
vehicle side. 

DE 3 718 421 reveals a method for cornering detection and for determining a correction 
factor by which the relationship of the tire radii of the non-actuated axle is determined. This 
state-of-the-art method proceeds from the assumption that the comering-dependent influence 
on the determination can be eliminated through a long-time filtration of between 30 and 40 
seconds. However, when dealing with winding roads this assumption will either yield 
inaccurate results or substantially higher time constants should be selected for filtering, which 
would involve extended instruction times. 

US 5,682,333 describes a method of scaling the wheel speeds for a vehicle, wherein the 
scaling factors for the wheels are determined to detect scaled and corrected speeds. In a first 
step of the this method, a rough-stage determination of scaling factors is carried out by means 
of fast and rough scaling, if non-cornering, a predetermined minimum speed and a low 
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vehicle acceleration, at best, have been detected. Subsequently, a fine-stage scaling factor is 
determined by fine scaling, vi^herein either each v^^heel of an axle is scaled to the respective 
wheel on the same side of the other axle, if a low driving moment, at best, and exceeding of a 
minimum speed have been detected, or each wheel on one side is scaled to the respectively 
opposite wheel of the same axle, if a higher driving moment, a moderate cornering, at best, 
and the exceeding of a minimum speed have been detected. 

It is the object of the present invention to provide a method and a device for determining 
correction values for the wheel speeds of a vehicle, enabling a rapid, reUable and accurate 
determination of correction values for all wheels of the vehicle. 

As in state-of-the-art slip control functions, wheel speeds, fi-equently, are compared axle- or 
side-wise, it is important for the wheel speed values to be comparable axle-wise (at the front 
axle or at the rear axle) and side-wise (right-hand side, left-hand side).Virtually, this will 
result in the condition that all wheel speeds of the vehicle must be comparable with one 
another in pairs so that a corresponding set of factors of corrections is to be determined. If 
there is no need to precisely determine the absolute value of the wheel speeds it may be 
adequate to select a factor of correction (preferably a „rounded" value) and to determine the 
values of correction for the rest of the wheels in relation thereto. 

First, individual scahngs are performed for at least one vehicle side (the left-hand wheels and 
right-hand wheels, respectively) and for at least one vehicle axle (the wheels on the front axle 
and the wheels on the rear axle). Proceeding from these individual scaling results the final 
scaling is then carried out to determine the afore-mentioned values of correction. 

Preferably, individual scahngs are effected for the left-hand- and right-hand-sides of the 
vehicle and for the vehicle axle non-actuated (or deemed non-actuated). After such scaling 
having been carried out, the complete set of correction values is determined for all wheels of 
the vehicle. Scahng for one vehicle side for one vehicle axle is effected by evaluating the 
wheel speeds sensed for the wheels on that side and on that axle, respectively. Evaluation can 
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be in real time (immediate processing the momentarily sensed values) or in reference to 
temporarily stored values. 

Brief Description of The Drawings 

Fig. 1 schematically shows a vehicle wherein the invention can be employed. 

Fig. 2 schematically shows a device of the invention for determining correction values. 

Fig. 3 shows, in the form of a flow diagram, a method of the invention for determining 
correction values. 

Fig. 4 shows a form of embodiment of a state-detection means. 

Fig. 5 shows a form of embodiment of a logical circuit for detecting straight driving. 

Fig. 6 shows a form of embodiment of a device for determining correction values. 

Fig. 7 shows an embodiment of a means for transverse scahng. 

Detailed Description of The Preferred Embodiments 

Referring to the drawings. Fig. 1 schematically shows a vehicle having four wheels 101-104. 
Wheels 101 and 102 are located on the front axle 105 while wheels 103 and 104 are provided 
on the rear axle 106. Each of the wheels includes wheel brakes 121 - 124. Moreover, wheel 
sensors 111-114 are provided for each individual wheel, each supplying signals via signal 
conduits 111a - 114a, to a device 130, with the signals being a measurement of the sensed 
speeds of the individual wheels. The device 130 can be a control or steering mechanism in the 
broadest sense of the word, which, through additional sensors 115 - 117 generates output 
signals 131 suitable to act, in particular, on brakes 121 - 124 of the individual wheels to exert 
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a favorable influence thereon. Other set members of slip control functions, such as check 
valve, ignition angle adjustment or gating and other pick-up means for the corrected wheel 
speeds, can also be favorably influenced. The wheel signals coming in through conduits Ilia 
- 114a, among others, are influenced by the radius of the respective wheel as previously 
explained. 

Consequently, device 130 is provided with a means for determining correction values for the 
said signals, and a means for correcting the signals in accordance with the determined 
correction values as clearly shown in Fig. 2. 

Fig. 2 is to be understood as a functional block diagram. Identical elements of Fig. 1 are 
designated by the same reference numerals. The device 130 comprises a general control 200, 
a state detection means 210, a register 220, a correction factor detecting means 230, a 
correction means 240 and a general brake control or regulator 250. To perform general 
control functions, the afore-mentioned components are interconnected via a passageway 201 
to thereby enable an exchange of information required for the operation or functional 
sequence. 

The way of operation of the afore-mentioned components will be described hereinafter. The 
signals 11 la -114a of the individual wheel sensors 111-114 generally are received by device 
130 for (optionally selective) storage in register 220. The selection can be controlled by the 
state detecting means 210 or by a corresponding additional sensor equally making reference 
to the signals 1 1 la - 1 14a. An alternative is shown in broken line 261 according to which the 
state detecting means 210 makes (only) reference to the corrected wheel signals as generated 
by the correcting means 240. During determination of the correction values, these values are 
determined in the way as generally set out in the afore-going and as described in greater detail 
hereinafter, followed by input thereof in the correcting means 240 for correction of the wheel 
signals Ula - 114a in accordance with such values of correction, and for passage thereof to 
all control and regulating means (e.g. brake control 250) that require corrected wheel speeds. 
The means for determining the values of correction, hence, comprises, in particular, the 
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means 230 for determining the values of correction, optionally including the register 220 and 
the state detecting means 210. 

The determination of the values of correction is based on an evaluation, in groups, of the 
sensed wheel speeds. The wheel speed values are group-wise sensed on one vehicle side (for 
example on the front wheel, left, and on the rear wheel left, or on the fi-ont wheel, right, and 
rear wheel, right) and on one axle, respectively, (for example, rear, left and rear, right). The 
evaluation within one group also called "scaling" can be, for example, the ratio formation, the 
difference formation or a comparison, for which the values of one wheel of the group and of 
the other wheel of the group are respectively used. Longitudinal scaling thus covers the 
group-wise evaluation of the wheel speeds of one vehicle side (for example longitudinal 
scaling, left: group-wise evaluation of the speed of the wheels of the left-hand vehicle side; 
transverse scaling of the non-actuated axle: group-wise evaluation of the speeds of the wheels 
on the vehicle axle non-actuated or deemed non-actuated). 

For clarifying purposes it should be noted that the language "wheel signals" refers to signals 
already processed to such an extent that they identify the wheel speed (preferably as a digital 
value). The wheel signals on the conduits 111 a - 114a are not to be regarded as pulse 
sequences. If the wheel sensors 111 - 114 only generated pulse sequences, additional 
processing in device 130 would be needed to determine the required speed data fi-om the said 
pulse sequences. 

Fig. 2 shows an embodiment wherein the speed values used for the evaluation are temporarily 
stored in register 220 to be discharged therefrom immediately or subsequently by device 230 
determining the correction values. Storing of the wheel speeds 111a - 114a, preferably, is 
selectively effected to the extent that such data is respectively used for evaluating one group 
as has been collected at times and states providing favorable values for the considered group. 
Such times and driving situations can be detected by the state detecting means 210. The state 
detecting means 210 makes reference to the wheel speed values 111a - 1114a (and/or to the 
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values 261 already corrected), releasing or blocking storage of the respectively considered 
data via a schematically shown gate 221 . 

This will insure that the means 230 determining the correction values respectively makes 
reference to such wheel speed values as have been collected at "favorable" times. The 
meaning of "favorable" times will be described hereinafter. 

The group-wise evaluation of the wheel speeds, preferably, is for the wheels of the left-hand 
vehicle side, the wheels of the right-hand vehicle side and the wheels of the axle non-actuated 
(or deemed non-actuated). Three relationships arise fi-om these three group-wise evaluations. 
If, moreover, one of the factors of correction is selected (for example in respect of 1) the rest 
of the factors of correction can be determined from the three individual scalings (evaluations 
in groups). The means 230 will write the values of correction as determined into the means of 
correction 240, overwriting previous correction values so that the (new) correction values can 
be used for the correction of the wheel speeds 11 la - 1 14a. 

Referring to Fig. 3, the method of the invention will be basically described, beginning with 
the start-up step 300. The process can be released upon compliance with predetermined 
conditions, for example, lapse of a predetermined period of time, starting up the vehicle, 
performance of maintenance work and the like, followed by inquiries 310 - 330. The order of 
sequence as shown is by way of example; it can also be otherwise. For example, steps 310- 
330 can be performed in parallel. 310 checks whether a favorable state exists for longitudinal 
scaling on the left-hand vehicle side. In the affirmative, the required wheel data is stored (in 
register 220), see step 311. Step 320 checks for conditions favorable to longitudinal scaling 
on the right-hand side, hi the affirmative, the required data is stored in the register, see step 
321. Step 330 checks whether the wheel data storage for transverse scaling of the axle not 
actuated (or deemed not actuated) is still necessary and whether favorable conditions exist 
herefore. In the affirmative, the required data is stored (step 331). After update and storage of 
required data has been determined for the individual scalings, it is proceeded to step 350 to 
carry out the individual scalings (longitudinal scaling, left; longitudinal scaling, right; and 
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transverse scaling of the axle non-actuated or deemed non-actuated). With reference to the 
results then determined, final scaling for determining all factors of correction is effected in 
step 360. In step 370, the values of correction as determined are issued (in Fig. 2, for 
example, from device 230 to device 240). Permanent passage through the algorithm is 
favorable as changes must be made at any time since changes in radii can never be excluded 
(for example, mounting of an emergency wheel without interrupting the ignition process). 

According to the described form of embodiment, the individual scalings, hence, are not 
directly carried out at the time where conditions favorable for a comparison prevail. The then 
collected data is rather stored temporarily, it being possible that scaling takes place at a later 
date. According to an ahemative not shown in the flow diagram of Fig. 3, the data collected 
under favorable conditions can be directly used for scaling. Scaling then takes place at the 
time where the data is factually determined. A temporary storage of the data can then be 
foregone. 

The evaluation in groups and the individual scalings, respectively, and the determination of 
the favorable conditions herefore, will be described hereinafter. 

Generally speaking, favorable conditions for the wheels of a group prevail if there are no 
speed differences between the wheels of the said group, for example, due to (varying) slip or 
geometrical conditions likely to occur in cornering, for in that case it can be proceeded from 
the fact, that speed conditions detected within a group are, in fact, to be attributed to the 
currently existing tire radii rather than to fransient detrimental effects. This will mean to 
transverse scalmg (group-wise evaluation of the speeds of the wheels of one axle) that 
cornering should be avoided because speed differences will occur in view of the different 
bend radii between inner bend wheel and outer bend wheel. Moreover, in view of other 
drive-dynamic effects, speed differences will arise that are not to be attributed to the different 
tire sizes. Consequently, cornering would be a criterion of exclusion for transverse scaling. 
Advantageously, only stable or vibration-free wheel speeds are evaluated or used for scahng 
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purposes. In longitudinal scaling it should be made sure that traction slip on the driven axle 
be not deemed a tire deviation, and that cornering be excluded. 

In the practice of the invention, the afore-mentioned conditions as estabhshed for a group 
should be inquired individually; then scaling is to be carried out for that group and the then 
collected data is to be stored, respectively, in order to enable a subsequent scaling on the basis 
of the data stored. This will involve the advantage that the relevant data can be collected 
earlier as less conditions will have to be complied with simultaneously to permit the group- 
wise evaluation for a group (or the data storage herefore, respectively). 

The detection of the favorable conditions can be effected in reference to the sensed wheel 
speeds and/or in reference to the wheel speeds corrected (under consideration of the former 
values of correction) (see Fig. 2 marking the signal guide 261). However, the determination 
of the correction value as such is effected in device 230 in reference to the sensed wheel 
speeds 111a to 114a which according to Fig. 2 are stored in register 220. Hence, conditions 
for transverse scaUng (preferably on the axle non-actuated or deemed non-actuated) can be 
checked independently of conditions for longitudinal scaling to the left and independently of 
conditions for longitudinal scaling to the right. 

The condition for longitudinal scaling to the right has the following formula: 
Vknr >Vkar 

if the driving moment on the actuated wheel of the right-hand side is positive, and 
Vknr < Vkar 

if the driving moment on the right-hand driven wheel is negative, wherein V designates the 
wheel speeds; k the corrected value (via conduit 261 in Fig. 2); n the value on a non-driven 
axle; a the value on a driven axle; and r the wheels of the right-hand vehicle side. In respect 
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of vehicles for which no information on the motor moment is available, the vehicle 
acceleration or delay can be used by way of alternative. The same conditions apply to the left- 
hand side, mutatis mutandis, with r being replaced by 1 in the quotation of the indexed 
variables. By the inquiry design it can be safeguarded that traction slip or trailing slip on the 
axle driven (or deemed driven) is lower than the speed difference caused by different radii so 
that the speed differences can, in fact, be attributed to different tire radii; the then effected 
evaluation does, in fact, resuh in values of correction merely mirroring the different tire radii 
rather than a detrimental transient effect. 

If, for example, a favorable condition for longitudinal scaling to the left has been detected 
(inquiry 310 in Fig. 3) the then available speed values or speed conditions of the wheel 101 
and of the wheel 104 can be stored in register 220 (311 in Fig. 3). Also, this group of wheel 
speeds can be evaluated immediately. 

Longitudinal scaling for the wheels of one side can be effected as follows, it being still 
proceeded from the example of the left-hand vehicle side: Preliminary values of correction 
DVPl and DVP4 are determined for wheel 101 and wheel 104, with a preliminary value of 
correction being first selected for one wheel, preferably the slower one. A prehminary value 
of correction for the other wheel is then computed therefrom and from the ratio of the wheel 
speeds. Assuming that the wheel 104 is slower than the wheel 101, the following applies: 

forVs4<Vsl: 

Kv4 = C 

Kvl = Kv4 X Vs Ws4 

wherein Vsl and Vs4, respectively are the speeds of wheels 101 and 104, respectively 
resulting from the wheel sensor values 1 1 1 and 1 14, and Kvl and Kv4 are prehminary values 
of correction for the speeds of the wheel 101 and of the wheel 104, respectively. 
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If the preliminary values of correction are calculated immediately (optionally, with no 
temporary storage in register 220 in Fig. 2), the variables Kvl and Kv4 can be filtered with 
the aid of a deep pass filter (preferably of the first order with limited change speed) to 
thereby continuously exclude transient detrimental effects. 

The preUminary values of correction Kv2 and Kv3 for the wheels of the right-hand side wilt 
be computed accordingly, resulting in two sets of preliminary factors of correction by way of 
which the wheel speeds of one vehicle side can be so corrected that the wheel speeds can be 
compared side-wise. In order to make all wheels of the vehicle comparable in pairs, another 
scaling will be required, in particular, a transverse scaling, preferably on the axle not actuated 
(or deemed non-actuated). It is also in this respect that first a favorable time or a favorable 
driving situation, respectively, will have to be determined. Cornering should be excluded as 
in the light of the vehicle geometry the bend-outer wheels run on a larger circular radius than 
the bend-inner wheels. In view of the larger distance to be covered the outer wheels have a 
higher wheel speed. For detecting straight travel, the information empirically gained can be 
used; 

- Statistically, straight driving occurs more frequently than driving on route segments that are 
characterized in that they have a constant bend radius and that exactly the same bend radius 
repeatedly occurs in different route segments. 

- Driving into or out of a bend is characterized by dynamic steering during driving into and 
out of the bend. Permanent cornering requires the driver to perform more steering corrections 
than in straight driving. 

Based on the two afore-going statements, straight travel can be determined by monitoring the 
time development of the speed difference between the left-hand and right-hand wheels of the 
axle not driven (or deemed non-driven). 



11 



AP9360 



Fig. 4 shows a logical circuit serving for straight travel detection. It can be integrated, for 
example, in the state detection 210 according to Fig. 2. Unit 401 determines the percentage 
speed of the wheels of an axle, preferably of the axle non-driven (or deemed non-driven) for 
which purpose the speeds of the wheels of that axle are received, i.e. signals 11 la and 112a 
from the front axle for a vehicle with tail drive. Unit 401 can form and issue the difference, 
preferably the normalized difference, more preferred normahzed to the lower of the two 
differences. The value can be signed in response to the speed ratios (V4> V3 or V3> V4). 
Numerals 402 and 403 designate two filters of different time constants. They receive and 
filter the output signal DVNA of unit 401. They are both deep pass filters. 402 has a higher 
time constant than filter 402, for example, a time constant higher by at least the factor 5-10. 
The time constant of the deep pass fiher 402 can be in the range of between 10 and 100 ms. 
FILS (filter slow) and FELF (filter fast) are formed as output signals. These signals are 
evaluated in block 404. A signal 405 is generated that identifies straight travel and that can be 
used for generating a signal for actuating the gate circuit 221 according to Fig. 2. The slow- 
filtered value fi-om filter 403 can be interpreted as "memory" for values going back to the 
past. If a difference results between the two filtered output values FILF and FILS, this will be 
indicative of dynamic steering and, hence, a non-straight travel. 

The logical circuit 404 is shown in greater detail in Fig 5. The amount of the difference 
between FELS and FELF is formed in block 501. The said difference is compared in block 503 
to a threshold value from unit 502 that is dependent on driving speed Vref The threshold can 
decrease with an increasing driving speed. Consequently, block 502 receives the vehicle 
speed as an input value. If the difference (output value of block 501) is lower than the 
threshold value (output value of block 502) this is indicative of sfraight travel (block 503 in 
saturated state). The speed-responsive decrease of the threshold will take place because, on 
the one hand, the drivers' steering corrections decrease with increasing speeds and, on the 
other hand, the range of values of FILS increasingly narrows in view of the limits set by 
driving physics. In blocks 505 and 506 time monitoring takes place. It can be monitored 
whether the threshold is completely maintained over a predetermined period of time (e.g. 
between 1 and 8 seconds, preferably between 2 and 4 seconds) or over a predetermined 
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percentage of time (more than 90%; more than 95% of the time interval). Stated differently, 
exceeding the threshold value by a predetermined amount is acceptable to increase the 
interference resistance. After compliance with this condition straight travel is detected and 
signal 405 generated. Dynamic steering movements are filtered out by this logical circuit. 

The filter time constant of fiher 403 is to be so selected that turning processes be displayed 
over an adequately long period of time, whereas the straight travel following cornering should 
be recognized adequately fast; FILS and FILF, hence, must converge rapidly. To detect slow 
or continuous turning processes, an additional logical circuit is provided for monitoring slow 
changes in FILS (drifting off). The value of PELS is tapped off at a predetermined time to be 
stored in block 407 of Fig. 4. Subsequently, the differences between the said stored value and 
FILS are formed in block 507 to be compared in block 508 with a threshold, thereby checking 
whether FILS is within a range of tolerance and the stored value (in block 407). This 
condition can be additionally used for detecting the straight travel; it can be AND-combined 
in block 504 with the afore-described signals. This embodiment shows that this latter- 
mentioned condition also apphes to the time evaluation 505 and 506. The output signals 405 
can be used either for releasing transverse scaling or for storing data suitable herefore (i.e. the 
then determined speed values of the wheels on the contemplated axle). 

Fig. 4 schematically shows, in the form of blocks 420 and 430, logical circuits for detecting a 
state favorable to longitudinal scalining for one or the other side. For example, unit 420 may 
be a logical circuit for detecting a state favorable for longitudinal scaling on the right-hand 
vehicle side. The logical circuit then at least makes reference to the wheel signals 112a, 113a 
( and to corrected values thereof, respectively). The logical circuit 420 also can make 
reference to additional signals (not shown), for example, detection of straight travel by 
suitable additional sensors. Once a favorable condition has been detected, the signal 415 
indicative of that state, is generated which causes additional measures, for example, storing of 
wheel data or performing longitudinal scaling, to be taken. The same apphes to logical circuit 
430 accordingly. It can be designed for detecting a state favorable to longitudinal scaling of 
the left-hand side. It then makes reference to the wheel signals 1 11a and 1 14a and, optionally, 
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to additional signals (not shown). It can generate a signal 425 to be understood in analogy to 
signal 415. Hence, the signals 405, 415 and 425 form a group of signals which can each cause 
individual scahng (longitudinal or transverse, respectively) and the storage of data herefore, 
respectively. 

Fig. 6 schematically shows device 230 for determining the correction factor as shown in Fig. 
2, comprising means 601 to 603 for effecting three individual scalings (longitudinal and 
transverse) and the means 604 for effecting final scahng and for determining the values of 
correction. In the form of embodiment as shown, numeral 601 refers to the means for 
effecting transverse scaling on the axle non-driven or deemed non-driven; 602 and 603 refer 
to means for effecting longitudinal scaling on the left-hand and right-hand axles. Signals 605 
through 607 issued by these components are received and processed in final scaling 604. 
Components 601 through 603 receive the respectively needed input signals. For the sake of 
ease they have not been shown in Fig. 6. Means 604 is also able to receive additional signals. 
Means 601 through 603 carrying out individual scaling cannot operate until the wheel data 
required for the respective scahng be available, unless they are in the process of being 
determined or have already previously been stored. Means 604 will start operation after the 
respective individual scalings having been carried out by means 601 through 603. 

Fig. 7 schematically shows a form of embodiment of a logical circuit for effecting transverse 
scaling. It corresponds to component 601 shown in Fig. 6. The means receives (or generates 
itself) the FILS signal from the detection means. Moreover, it receives signal 405 indicative 
of a straight travel. Once a straight travel is detected, the value of FILS is stored in the 
temporary register to be issued as FILREF. These steps are taken upon first detection of a 
straight travel. Thereafter FILREF is tracked with half the difference of FILREF and FILS 
(block 703). In each tracking FILREF is compared to the current FILS value. If a defined 
accuracy is reached (which is detected via the difference of FILREF and FILS), a counter 704 
is incremented. The result of count is indicative of the accuracy of the FILREF value. If an 
adequate result of count (ZO) is reached, the value of FILREF is regarded to be accurate and 
is then fixed. Comparator 75 compares the result read on counter 704 to a threshold ZO. 
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Numeral 707 forms an inversion; numeral 708 is a switch indexing the value FILREF to 
output 605 once the result of count is adequate, hi block 706, the straight travel signal 405 
and the actuating signal from the comparator 705 are AND-combined to enable actuation of 
switch 701. Also after fixation of FILREF in recurrent accuracy acknowledgements, the 
counter is continued to be incremented to achieve an increasing error resistance. If sfraight 
travel detection criteria are fulfilled, but the accuracy threshold is markedly fallen below, the 
counter 704 is decremented. The way of counting may be affected by hysteresis, for example, 
in that decrementing is slower than incrementing ( decrement = increment/3). If the counter 
falls below ZO, FILREF can be changed again. 

In order to be able to statistically evaluate different driving situations, incrementing and 
decrementing, respectively, of covinter 704 can additionally be hmited in time. The number of 
changes of counter 704 within a defined time interval can be limited, for example, to 2 per 
time interval of about 2 to 12 s. If the resuh of count exceeds the threshold of 
acknowledgement ZO, it can be switched to a larger time frame, such as about 10-20 s, in 
that the counter is allowed to be incremented or decremented to a limited extent, for example 
only one time. 

As a resuh of fransverse scaling, a confirmed value of FILREF will appear on the output 605, 
i. e. a value virtually resuhing from FELS. 

The formulae referred to in the afore-going can be implemented in components 602 and 603 
of Fig. 6 to determine the values Kvl to Kv4. For example, the component 602 can issue the 
variables Kvl and Kv4; component 603 would then issue Kv2 and Kv3. Consequently, the 
values Kvl, Kv2, Kv3, Kv4 and FILREF are received by unit 604. The factors of correction 
Kl, K2, K3 and K4 for the wheels 101 through 104 and the wheel speeds, respectively, can 
be determined therefrom as described hereinafter. 

Basically, the two individually effected longitudinal scalings can be related to one another via 
the transverse scaHng effected so that the condition according to which the speeds of all 
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wheels are to be comparable in pairs with one another, can finally be compHed with. 
Moreover, there may be additional requirements to be fulfilled: For example, it might 
desirable to scale the wheels to the slowest wheel. In that case, the method described 
hereinafter can be employed, which relates to the example of a tail-driven vehicle. If it is to 
be employed with a front-driven vehicle, the indices between front and rear axles would have 
to be exchanged (1 for 4 and 2 for 3). 

If the difference of Kvl and Kv2 is compared to the FELREF value, it is possible to determine 
on what side and by what amount the side-wise corrected wheel speeds are larger, namely by 
the amount Kv2 - Kvl - FILREF. The final correction values Kl to K4 under consideration 
of this amount of correction in respect of the subsidiary variable will be: 

DIF = Kvl - Kvl - FILREF. If DIF > 0: 

Kl =Kvl 

K4 = Kv4 

K2 = Kv2 - DIF 

K3 = Kv3 - DIF 

If DIF < 0: 
Kl = Kvl - DIF 
K4-Kv4- DIF 
K2 = Kv2 
K3=Kv3. 

The so obtained values of correction Kl to K4 can be used with the correction means 240 as 
correction factors for the multipUcative correction of the speed values determined by the 
wheel sensors. If the latter are designated by VI to V4 and the respectively corrected values 
by Vkl toVk4, the following applies: 
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Vkl = VI X Kl / C, 
Vk2 = V2 X K2 / C, 
Vk3 = V3 X K3 / C, 
Vk4 = V4 X K4 / C, 

wherein C is a normalized component. 

In a first numerical example it is assumed that in transverse scaling on the right-hand vehicle 
side, a wheel speed lower by 3% was sensed compared to the left-hand vehicle side (due to 
larger tire diameters). The longitudinal scalings have revealed respectively identical speeds at 
the front, right; and at the rear, right; and at the front, left; and at the rear, left. FILREF is thus 
3%, assuming that Kvl to Kv4 are respectively 1000. 

FILREF is related to the same basis as the preliminary factors of correction Kvl to Kv4. If 
the said basis is 1000, as mentioned in the afore-going, FILREF relates to 30. The resuhant 
correction values K2 = K 3 = 1000 and Kl = K4 = 970 arise from the formulae referred to. 

In a second example for a tail-actuated vehicle, different wheel speeds are sensed on account 
of tire diameter differences. Related to the minimum wheel speed, VI (front, left) is 5% 
higher; V4 (rear, left) 3%.. Through longitudinal scaling, left, the following values resuh: Kvl 
= 980; Kv4 = 1000, Kv2 = Kv3 = 1000; in transverse scaling, FILREF relates to 5% or 
(normalized to 1000) to 50 . The resuhant correction values are then Kl = 950; K2 = K3 = 
1000 and K4 = 970. 

The afore-described methods and devices enable correction values, in particular, factors of 
correction, to be determined fast and reliably for the correction of sensed wheel speeds, 
thereby increasing the rehabihty of the control measures taken in reference to the corrected 
wheel speeds. 
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Equally, it is possible to evaluate the speed differences in cornering due to geometrical 
conditions by the corrected wheel speeds of the axle non-driven or deemed non-driven, and to 
carry out a transverse acceleration computation. 
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Method and Device for Determining Correction Values for Wheel Speeds 



Abstract of The Disclosure 



A method is provided for determining correction values for the wheel speeds of a vehicle, 
comprising the step of determining the speeds of the vehicle wheels during travel, with the 
speeds of the vehicle wheels being evaluated, in groups, for at least one vehicle axle and at 
least one vehicle side and values of correction for the individual vehicle wheels being 
determined in accordance with the evaluation results. Moreover, a device is provided for 
determining correction values, comprising wheel sensors for determining the speeds of 
wheels of the vehicle during travel, and a determining means evaluating the speeds of the 
vehicle wheels, in groups, for at least one vehicle axle and at least one vehicle side, and 
determining correction values for the individual vehicle wheels in accordance with the results 
of evaluation. 
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Method and Device for Determining Correction Values for Wheel Speeds 



The present invention relates to a method and a device for determining correction values 
for the wfheel speeds of a vehicle in accordance with the preamble portions of the 
independent claims. A process and device of this type are disclosed by DE-4 424 18 C2. 

Wheel speeds normally are sensed by wheel sensors. Wheel sensors of this type, 
normally, are so designed as to sense angular speeds, for example, by monitoring on a 
sensor the passage of markings moving along with the wheel, thereby obtaining a pulse 
sequence the frequency of which rises with the wheel speed. 

The wheel speed, in technical language also called circumferential speed of the wheel, is 
connected to the rotating or angular speed via v = . r, wherein v is the wheel speed 
(more precisely speaking, the circumferential speed of the wheel); tu is the angular speed 
of the wheel and r is the tire radius. The tire radius is, therefore, integrated into the 
computation of the wheel speed. The tire radius can be determined, for example, from 
manufacturers' data by applying an average value within the manufacturing tolerances. 
As the tire radii can vary on the individual wheels of a vehicle, for example, due to wear, 
manufacturing tolerances, use of tires from different manufacturers etc., and as the 
precise values of the radii are not known, the wheel speed can be computed from the 
directly sensed (and, optionally, filtered) angular speed of the wheel considered by way 
of approximation only. 
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In comparatively precise slip and stability controls but also for algorithms of vehicle state 
detection employing, for example, the wheel slip or the wheel speed differences etc., it is, 
therefore, mandatory to eliminate the negative influence of different tire radii. 
Consequently, correction values will have to be determined for each individual wheel by 
which the corresponding wheel speed can be corrected, as the wheel speeds, in the 
majority of cases, are determined on the assumption that the wheels are of exactly the 
same tire radii. 

DE 4 424 318 C2 teaches a traction slip control system stipulating conditions for 
determining correction factors. The vehicle sides (left or right) are separately 
considered. A tire tolerance computation is permitted if predetermined conditions with 
respect to the butterfly throttle angle, on the one hand, and with respect to the 
relationship of the speeds of the wheels of actuated and non-actuated axles on the vehicle 
side under consideration, on the other hand, have been complied with. 
This prior art method involves the disadvantage that by comparing the non-corrected 
wheel speeds, the scaling conditions in a substantially deviatkig wheel, frequently, are 
fiilfiUed, thereby substantially affecting the accuracy of a subsequent evaluation method. 
Moreover, no criteria are quoted for scaling the wheel speeds of the left-hand vehicle 
side to the right-hand vehicle side. 

DE 3 718 421 reveals a method for cornering detection and for determining a correction 
factor by which the relationship of the tire radii of the non-actuated axle is determined. 
This state-of-the-art method proceeds fi-om the assumption that the comering-dependent 
influence on the determination can be eliminated through a long-time filtration of 
between 30 and 40 seconds. However, in winding roads this assiimption will either yield 
inaccurate results or substantially higher time constants should be selected for filtering, 
which would involve extended instruction times. 
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It is the object of the present invention to provide a method and a device for determining 
correction values for the wheel speeds of a vehicle, enabling a rapid, reliable and accurate 
determination of correction values for all w^heels of the vehicle. 

This problem has been solved, in the practice of the invention, by the features set out in 
the independent claims. Dependent claims are directed to preferred forms of embodiment 
of the invention. 

As in state-of-the-art slip control flmctions, wheel speeds, frequently, are compared axle- 
or side-wise, it is important for the wheel speed values to be comparable axle-wise (at 
the front axle or at the rear axle) and side-wise (right-hand side, left-hand side).VirtuaUy, 
this will result in the condition that all wheel speeds of the vehicle must be comparable 
with one another in pairs so that a corresponding set of factors of corrections is to be 
determined. If there is no need to precisely determine the absolute value of the wheel 
speeds it may be adequate to select a factor of correction (preferably a „rounded" value) 
and to determine the values of correction for the rest of the wheels in relation thereto. 

First, individual scalings are performed for at least one vehicle side (the left-hand wheels 
and right-hand wheels, respectively) and for at least one vehicle axle (the wheels on the 
front axle and the wheels on the rear axle). Proceeding from these individual scaling 
results the final scaling is then carried out to determine the afore-mentioned values of 
correction. 

Preferably, individual scalings are effected for the left-hand- and right-hand-sides of the 
vehicle and for the vehicle axle non-actuated (or deemed non-actuated). After such 
scaling havirig been carried out, the complete set of correction values is determined for 
all wheels of the vehicle. Scaling for one vehicle side for one vehicle axle is effected by 
evaluating the wheel speeds sensed for the wheels on that side and on that axle. 
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respectively. Evaluation can be in real time (immediate processing the momentarily 
sensed values) or in reference to temporarily stored values. 

With reference to the drawings, some forms of embodiment of the invention will now be 
described, wherein 

Fig. 1 schematically shows a vehicle wherein the invention can be employed; 

Fig. 2 schematically shows a device of the invention for determining correction values; 

Fig. 3 shows, in the form of a flow diagram, a method of the invention for determining 
correction values; 

Fig. 4 shows a form of embodiment of a state-detection means; 

Fig. 5 shows a form of embodiment of a logical circuit for detecting straight driving; 

Fig. 6 shows a form of embodiment of a device for determining correction values; 

Fig. 7 shows an embodiment of a means for transverse scaling. 

Referring to the drawings. Fig. 1 schematically shows a vehicle having four wheels 101- 
104. Wheels 101 and 102 are located on the front axle 105 while wheels 103 and 104 are 
provided on the rear axle 106. Each of the wheels includes wheel brakes 121-124. 
Moreover, wheel sensors 111-114 are provided for each individual wheel, each 
supplying signals via signal conduits 1 1 1 a - 1 14a, to a device 1 30, with the signals being 
a measurement of the sensed speeds of the individual wheels. The device 130 can be a 
control or steering mechanism in the broadest sense of the word, which, through 
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additional sensors 1 15 - 1 17 generates output signals 131 suitable to act, in particular, on 
brakes 121 - 124 of the individual wheels to exert a favorable influence thereon. Other 
set members of slip control functions, such as check valve, ignition angle adjustment or 
gating and other pick-up means for the corrected wheel speeds, can also be favorably 
influenced. The wheel signals coming in through conduits 11 la - 1 14a, among others, are 
influenced by the radius of the respective wheel as previously explained. 

Consequently, device 1 30 is provided with a means for determining correction values for 
the said signals, and a means for correcting the signals in accordance with the determined 
correction values as clearly shown in Fig. 2. 

Fig. 2 is to be understood as a functional block diagram. Identical elements of Fig. 1 are 
designated by the same reference numerals. The device 1 30 comprises a general control 
200, a state detection means 210, a register 220, a correction factor detecting means 
230, a correction means 240 and a general brake control or regulator 250. To perform 
general control fimctions, the afore-mentioned components are interconnected via a 
passageway 201 to thereby enable an exchange of information required for the operation 
or flinctional sequence. 

The way of operation of the afore-mentioned components will be described hereinafter. 
The signals llla-114aof the individual wheel sensors 111 - 114 generally are received 
by device 130 for (optionally selective) storage in register 220. The selection can be 
controlled by the state detecting means 210 or by a corresponding additional sensor 
equally making reference to the signals 1 1 la - 1 14a. An alternative is shown in broken 
line 261 according to which the state detecting means 210 makes (only) reference to the 
corrected wheel signals as generated by the correcting means 240. During determination 
of the correction values, these values are determined in the way as generally set out in 
the afore-going and as described in greater detail hereinafter, followed by input thereof 
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in the correcting means 240 for correction of the wheel signals 11 la - 1 14a in 
accordance with such values of correction, and for passage thereof to all control and 
regulating means (e.g. brake control 250) that require corrected wheel speeds. The 
means for determining the values of correction, hence, comprises, in particular, the 
means 230 for determining the values of correction, optionally including the register 220 
and the state detecting means 210. 

The determination of the values of correction is based on an evaluation, in groups, of the 
sensed wheel speeds. The wheel speed values are group- wise sensed on one vehicle side 
(for example on the front wheel, left, and on the rear wheel left, or on the front wheel, 
right, and rear wheel, right) and on one axle, respectively, (for example, rear, left and 
rear, right). The evaluation within one group also called "scaling" can be, for example, 
the ratio formation, the difference formation or a comparison, for which the values of 
one wheel of the group and of the other wheel of the group are respectively used. 
Longitudinal scaling thus covers the group-wise evaluation of the wheel speeds of one 
vehicle side (for example longitudinal scaling, left: group-wise evaluation of the speed of 
the wheels of the left-hand vehicle side; transverse scaling of the non-actuated axle: 
group-wise evaluation of the speeds of the wheels on the vehicle axle non-actuated or 
deemed non-actuated). 

For clarifying purposes it should be noted that the language „wheel signals" refers to 
signals already processed to such an extent that they identifye the wheel speed 
(preferably as a digital value). The wheel signals on the conduits 1 1 la - 1 14a are not to 
be regarded as pulse sequences. If the wheel sensors 111-114 only generated pulse 
sequences, additional processing in device 130 would be needed to determine the 
required speed data from the said pulse sequences. 
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Fig. 2 shows an embodiment wherein the speed values used for the evaluation are 
temporarily stored in register 220 to be discharged therefrom immediately or 
subsequently by device 230 determining the correction values. Storing of the wheel 
speeds 1 1 la - 1 14a, preferably, is selectively effected to the extent that such data is 
respectively used for evaluating one group as has been collected at times and states 
providing favorable values for the considered group. Such times and driving situations 
can be detected by the state detecting means 210. The state detecting means 210 makes 
reference to the wheel speed values 1 1 la - 1 1 14a (and/or to the values 261 already 
corrected), releasing or blocking storage of the respectively considered data via a 
schematically shown gate 221 . 

This will insure that the means 230 determining the correction values respectively makes 
reference to such wheel speed values as have been collected at „favorable" times. The 
meaning of „favorable" times will be described hereinafter. 

The group- wise evaluation of the wheel speeds, preferably, is for the wheels of the left- 
hand vehicle side, the wheels of the right-hand vehicle side and the wheels of the axle 
non-actuated (or deemed non-actuated). Three relationships arise from these three 
group- wise evalviations. If, moreover, one of the factors of correction is selected (for 
example in respect of 1) the rest of the factors of correction can be determined from the 
three individual scalings (evaluations in groups). The means 230 will write the values of 
correction as determined into the means of correction 240, overwriting previous 
correction values so that the (new) correction values can be used for the correction of 
the wheel speeds 1 1 la - 1 14a. 

Referring to Fig. 3, the method of the invention will be basically described, beginning 
with the start-up step 300. The process can be released upon compliance with 
predetermined conditions, for example, lapse of a predetermined period of time, starting 



up the vehicle, performance of maintenance work and the like, followed by inquiries 310 
- 330. The order of sequence as shown is by way of example; it can also be otherwise. 
For example, steps 310-330 can be performed in parallel. 310 checks whether a favorable 
state exists for longitudinal scaling on the left-hand vehicle side. In the afSrmative, the 
required wheel data is stored (in register 220), see step 311. Step 320 checks for 
conditions favorable to longitudinal scaling on the right-hand side. In the aflRrmative, the 
required data is stored in the register, see step 321. Step 330 checks whether the wheel 
data storage for transverse scaling of the axle not actuated (or deemed not actuated) is 
stiU necessary and whether favorable conditions exist herefore. In the afiSrmative, the 
required data is stored (step 331). After update and storage of required data has been 
determined for the individual scalings, it is proceeded to step 350 to carry out the 
individual scalings (longitudinal scaUng, left; longitudinal scaling, right; and transverse 
scaling of the axle non-actuated or deemed non-actuated). With reference to the results 
then determined, final scaling for determining all factors of correction is effected in step 
360. In step 370, the values of correction as determined are issued (in Fig. 2, for 
example, from device 230 to device 240). Permanent passage through the algorithm is 
favorable as changes must be made at any time since changes in radii can never be 
excluded (for example, moimting of an emergency wheel without interrupting the 
ignition process). 

According to the described form of embodiment, the individual scalings, hence, are not 
directly carried out at the time where conditions favorable for a comparison prevail. The 
then collected data is rather stored temporarily, it being possible that scaling takes place 
at a later date. According to an alternative not shown in the flow diagram of Fig. 3, the 
data collected under favorable conditions can be directly used for scaling. Scaling then 
takes place at the time where the data is factually determined. A temporary storage of the 
data can then be foregone. 
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The evaluation in groups and the individual scalings, respectively, and the determination 
of the favorable conditions herefore, will be described hereinafter. 

Generally speaking, favorable conditions for the wheels of a group prevail if there are no 
speed differences between the wheels of the said group, for example, due to (varying) 
slip or geometrical conditions likely to occur in cornering, for in that case it can be 
proceeded from the fact, that speed conditions detected within a group are, in fact, to be 
attributed to the currently existing tire radii rather than to transient detrimental effects. 
This will mean to transverse scaling (group- wise evaluation of the speeds of the wheels 
of one axle) that cornering should be avoided because speed differences will occur in 
view of the different bend radii between inner bend wheel and outer bend wheel. 
Moreover, in view of other drive-dynamic- effects, speed differences will arise that are 
not to be attributed to the different tire sizes. Consequently, cornering would be a 
criterion of exclusion for transverse scaling. Advantageously, only stable or vibration- 
free wheel speeds are evaluated or used for scaling purposes. In longitudinal scafrng it 
should be made sure that traction slip on the driven axle be not deemed a tire deviation, 
and that cornering be excluded. 

In the practice of the invention, the afore-mentioned conditions as established for a 
group should be inquired individually; then scaling is to be carried out for that group and 
the then collected data is to be stored, respectively, in order to enable a subsequent 
scaling on the basis of the data stored. This will involve the advantage that the relevant 
data can be collected earlier as less conditions will have to be complied with 
simultaneously to permit the group-wise evaluation for a group (or the data storage 
herefore, respectively). 

The detection of the favorable conditions can be effected in reference to the sensed 
wheel speeds and/or in reference to the wheel speeds corrected (under consideration of 
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the former values of correction) (see Fig. 2 marking the signal guide 261). However, the 
determination of the correction value as such is effected in device 230 in reference to the 
sensed wheel speeds 11 la to 114a which according to Fig. 2 are stored in register 220. 
Hence, conditions for transverse scaling (preferably on the axle non-actuated or deemed 
non-actuated) can be checked independently of conditions for longitudinal scaling to the 
left and independently of conditions for longitudinal scaling to the right. 

The condition for longitudinal scaling to the right has the following formula: 

Vknr >Vkar 

if the driving moment on the actuated wheel of the right-hand side is positive, and 
Vknr<Vkar 

if the driving moment on the right-hand driven wheel is negative, wherein V designates 
the wheel speeds; k the corrected value (via conduit 261 in Fig. 2); n the value on a non- 
driven axle; a the value on a driven axle; and r the wheels of the right-hand vehicle side. 
In respect of vehicles for which no information on the motor moment is available, the 
vehicle acceleration or delay can be used by way of alternative. The same conditions 
apply to the left-hand side, mutatis mutandis, with r being replaced by 1 in the quotation 
of the indexed variables. By the inquiry design it can be safeguarded that traction slip or 
trailing slip on the axle driven (or deemed driven) is lower than the speed difference 
caused by different radii so that the speed differences can, in fact, be attributed to 
different tire radii; the then effected evaluation does, in fact, result in values of correction 
merely mirroring the different tire radii rather than a detrimental transient effect. 
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If, for example, a favorable condition for longitudinal scaling to the left has been 
detected (inquiry 310 in Fig. 3) the then available speed values or speed conditions of the 
wheel 1 01 and of the wheel 1 04 can be stored in register 220 (3 1 1 in Fig. 3). Also, this 
group of wheel speeds can be evaluated immediately. 

Longitudinal scaling for the wheels of one side can be effected as follows, it being still 
proceeded from the example of the left-hand vehicle side: Preliminary values of 
correction DVPl and DVP4 are determined for wheel 101 and wheel 104, with a 
preliminary value of correction being first selected for one wheel, preferably the slower 
one. A preliminary value of correction for the other wheel is then computed therefrom 
and from the ratio of the wheel speeds. Assuming that the wheel 104 is slower than the 
wheel 101, the following applies: 

for Vs4<Vsl: 

Kv4 = C 

Kvl = Kv4 X Vs Ws4 

wherein Vsl and Vs4, respectively are the speeds of wheels 101 and 104, respectively 
resulting from the wheel sensor values 1 1 1 and 1 14, and Kvl and Kv4 are preliminary 
values of correction for the speeds of the wheel 101 and of the wheel 104, respectively. 

If the preliminary values of correction are calculated immediately (optionally, with no 
temporary storage in register 220 in Fig. 2), the variables Kvl and Kv4 can be filtered 
with the aid of a deep pass filter (preferably of the first order with limited change speed) 
to thereby continuously exclude transient detrimental effects. 
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The preliminary values of correction Kv2 and Kv3 for the wheels of the right-hand side 
will be computed accordingly, resulting in two sets of preliminary factors of correction 
by way of which the wheel speeds of one vehicle side can be so corrected that the wheel 
speeds can be compared side-wise. In order to make all wheels of the vehicle 
comparable in pairs, another scaling will be required, in particular, a transverse scaling, 
preferably on the axle not actuated (or deemed non-actuated). It is also in this respect 
that first a favorable time or a favorable driving situation, respectively, will have to be 
determined. Cornering should be excluded as in the light of the vehicle geometry the 
bend-outer wheels run on a larger circular radius than the bend-inner wheels. In view of 
the larger distance to be covered the outer wheels have a higher wheel speed. For 
detecting straight travel, the information empirically gained can be used: 

- Statistically, straight driving occurs more frequently than driving on route segments 
that are characterized in that they have a constant bend radius and that exactly the same 
bend radius repeatedly occurs in different route segments. 

- Driving into or out of a bend is characterized by dynamic steering during driving into 
and out of the bend. Permanent cornering requires the driver to perform more steering 
corrections than in straight driving. 

Based on the two afore-going statements, straight travel can be determined by 
monitoring the time development of the speed difference between the left-hand and right- 
hand wheels of the axle not driven (or deemed non-driven). 

Fig. 4 shows a logical circuit serving for straight travel detection. It can be integrated, 
for example, in the state detection 210 according to Fig. 2. Unit 401 determines the 
percentage speed of the wheels of an axle, preferably of the axle non-driven (or deemed 
non-driven) for which purpose the speeds of the wheels of that axle are received, i.e. 
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signals Ilia and 1 12a from the front axle for a vehicle with tail drive. Unit 401 can form 
and issue the difference, preferably the normalized difference, more preferred normalized 
to the lower of the two differences. The value can be signed in response to the speed 
ratios (V4>v3 or v3>v4). Numerals 402 and 403 designate two filters of different time 
constants. They receive and filter the output signal DVNA of unit 401 . They are both 
deep pass filters. 402 has a higher time constant than filter 402, for example, a time 
constant higher by at least the factor 5-10. The time constant of the deep pass filter 402 
can be in the range of between 10 and 100 ms. FILS (filter slow) and FILF (filter fast) 
are formed as output signals. These signals are evaluated in block 404. A signal 405 is 
generated that identifies straight travel and that can be used for generating a signal for 
actuating the gate circuit 221 according to Fig. 2. The slow-filtered value from filter 403 
can be interpreted as „memory" for values going back to the past. If a difference results 
between the two fiiltered output values FILF and FILS, this will be indicative of dynamic 
steering and, hence, a non-straight travel. 

The logical circuit 404 is shovra in greater detail in Fig 5. The amount of the difference 
between FILS and FILF is formed in block 501 . The said difference is compared in 
block 503 to a threshold value from unit 502 that is dependent on driving speed Vref 
The threshold can decrease with an increasing driving speed. Consequently, block 502 
receives the vehicle speed as an input value. If the difference (output value of block 501) 
is lower than the threshold value (output value of block 502) this is indicative of straight 
travel (block 503 in saturated state). The speed-responsive decrease of the threshold will 
take place because, on the one hand, the drivers's steering corrections decrease with 
increasing speeds and, on the other hand, the range of values of FILS increasingly 
narrows in view of the limits set by driving physics. In blocks 505 and 506 time 
monitoring takes place. It can be monitored whether the threshold is completely 
maintained over a predetermined period of time (e.g. between 1 and 8 seconds, 
preferably between 2 and 4 seconds) or over a predetermined percentage of time (more 
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than 90%; more than 95% of the time interval). Stated differently, exceeding the 
threshold value by a predetermined amount is acceptable to increase the interference 
resistance. After compliance with this condition straight travel is detected and signal 405 
generated. Dynamic steering movements are filtered out by this logical circuit. 

The filter time constant of filter 403 is to be so selected that turning processes be 
displayed over an adequately long period of time, whereas the straight travel following 
cornering should be recognized adequately fast; FILS and FILF, hence, must converge 
rapidly. To detect slow or continuous turning processes, an additional logical circuit is 
provided for monitoring slow changes in FILS (drifting off)- The value of FILS is tapped 
off at a predetermined time to be stored in block 407 of Fig. 4. Subsequently, the 
differences between the said stored value and FILS are formed in block 507 to be 
compared in block 508 with a threshold, thereby checking whether FILS is within a 
range of tolerance and the stored value (in block 407). This condition can be additionally 
used for detecting the straight travel; it can be AND-combined in block 504 with the 
afore-described signals. This embodiment shows that this latter-mentioned condition 
also applies to the time evaluation 505 and 506. The output signals 405 can be used 
either for releasing transverse scaling or for storing data suitable herefore (i.e. the then 
determined speed values of the wheels on the contemplated axle). 

Fig. 4 schematically shows, in the form of blocks 420 and 430, logical circuits for 
detecting a state favorable to longitudinal scalining for one or the other side. For 
example, unit 420 may be a logical circuit for detecting a state favorable for longitudinal 
scaling on the right-hand vehicle side. The logical circuit then at least makes reference to 
the wheel signals 11 2a, 11 3a ( and to corrected values thereof, respectively). The logical 
circuit 420 also can make reference to additional signals (not shown), for example, 
detection of straight travel by suitable additional sensors. Once a favorable condition has 
been detected, the signal 415 indicative of that state, is generated which causes additional 
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measures, for example, storing of wheel data or performing longitudinal scaling, to be 
taken. The same applies to logical circuit 430 accordingly. It can be designed for 
detecting a state favorable to longitudinal scaling of the left-hand side. It then makes 
reference to the wheel signals 1 1 la and 1 14a and, optionally, to additional signals (not 
shown). It can generate a signal 425 to be understood in analogy to signal 415. Hence, 
the signals 405, 415 and 425 form a group of signals which can each cause individual 
scaling (longitudinal or transverse, respectively) and the storage of data herefore, 
respectively. 

Fig. 6 schematically shows device 230 for determining the correction factor as shown in 
Fig. 2, comprising means 601 to 603 for effecting three individual scalings (longitudinal 
and transverse) and the means 604 for effecting final scaling and for determining the 
values of correction. In the form of embodiment as shovra, numeral 601 refers to the 
means for effecting transverse scaling on the axle non-driven or deemed non-driven; 602 
and 603 refer to means for effecting longitudinal scaling on the left-hand and right-hand 
axles. Signals 605 through 607 issued by these components are received and processed in 
final scaling 604. Components 601 through 603 receive the respectively needed input 
signals. For the sake of ease they have not been shown in Fig. 6. Means 604 is also able 
to receive additional signals. Means 601 through 603 carrying out individual scaling 
cannot operate until the wheel data required for the respective scaling be available, unless 
they are in the process of being determined or have already previously been stored. 
Means 604 wiU start operation after the respective individual scalings having been carried 
out by means 601 through 603. 

Fig. 7 schematically shows a form of embodiment of a logical circuit for effecting 
transverse scaling. It corresponds to component 601 shown in Fig. 6. The means receives 
(or generates itself) the FILS signal from the detection means. Moreover, itreceives 
signal 405 indicative of a straight travel. Once a straight travel is detected, the value of 
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FILS is stored in the temporary register to be issued as FILREF. These steps are taken 
upon first detection of a straight travel. Thereafter FILREF is tracked with half the 
difference of FILREF and FILS (block 703). In each tracking FILREF is compared to 
the current FILS value. If a defined accuracy is reached (which is detected via the 
difference of FILREF and FILS), a counter 704 is incremented. The result of count is 
indicative of the accuracy of the FILREF value. If an adequate result of count (ZO) is 
reached, the value of FILREF is regarded to be accurate and is then fixed. Comparator 
75 compares the result read on counter 704 to a threshold ZO. Numeral 707 forms an 
inversion; numeral 708 is a switch indexing the value FILREF to output 605 once the 
result of count is adequate. In block 706, the straight travel signal 405 and the actuating 
signal from the comparator 705 are AND-combined to enable actuation of switch 701. 
Also after fixation of FILREF in recurrent accuracy acknowledgements, the counter is 
continued to be incremented to achieve an increasing error resistance. If straight travel 
detection criteria are fulfilled, but the accuracy threshold is markedly fallen below, the 
counter 704 is decremented. The way of counting may be affected by hysteresis, for 
example, in that decrementing is slower than incrementing ( decrement = increment/3). If 
the counter falls below ZO, FILREF can be changed again. 

In order to be able to statistically evaluate different driving situations, incrementing and 
decrementing, respectively, of counter 704 can additionally be limited in time. The 
number of changes of counter 704 within a defined time interval can be limited, for 
example, to 2 per time interval of about 2 to 12 s. If the result of count exceeds the 
threshold of acknowledgement ZO, it can be switched to a larger tune frame, such as 
about 10-20 s, in that the counter is allowed to be incremented or decremented to a 
limited extent, for example only one time. 

As a result of transverse scaling, a confirmed value of FILREF will appear on the output 
605, i. e. a value virtually resulting from FILS. 
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The formulae referred to in the afore-going can be implemented in components 602 and 
603 of Fig. 6 to determine the values Kvl to Kv4. For example, the component 602 can 
issue the variables Kvl and Kv4; component 603 would then issue Kv2 and Kv3. 
Consequently, the values Kvl, Kv2, Kv3, Kv4 and FILREF are received by unit 604. 
The factors of correction Kl, K2, K3 and K4 for the wheels 101 through 104 and the 
wheel speeds, respectively, can be determined therefrom as described hereinafter. 

Basically, the two individually effected longitudinal scahngs can be related to one another 
via the transverse scaling effected so that the condition according to which the speeds of 
all wheels are to be comparable in pairs with one another, can finally be complied with. 
Moreover, there may be additional requirements to be fulfilled: For example, it might 
desirable to scale the wheels to the slowest wheel. In that case, the method described 
hereinafter can be employed, which relates to the example of a tail-driven vehicle. If it is 
to be employed with a fi-ont-driven vehicle, the indices between front and rear axles 
would have to be exchanged (1 for 4 and 2 for 3). 

If the difference of Kvl and Kv2 is compared to the FILREF value, it is possible to 
determine on what side and by what amount the side-wise corrected wheel speeds are 
larger, namely by the amount Kv2 - Kvl - FILREF. The final correction values Kl to K4 
imder consideration of this amount of correction in respect of the subsidiary variable will 
be: 



DIF = Kv2 - Kvl - FILREF. 
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If DIF > 0: 
Kl = Kvl 
K4 = Kv4 
K2 = Kv2 - DIF 
K3 = Kv3 - DIF 

If DIF < 0: 
Kl = Kvl - DIF 
K4 = Kv4- DIF 
K2 = Kv2 
K3=Kv3. 



The so obtained values of correction Kl to K4 can be used with the correction means 
240 as correction factors for the multiplicative correction of the speed values detennined 
by the wheel sensors. If the latter are designated by VI to V4 and the respectively 
corrected values by Vkl toVk4, the followmg applies: 

Vkl =V1 xKl /C, 
Vk2 = V2xK2/C, 
Vk3=V3xK3/C, 
Vk4 = V4 X K4 / C, 

wherein C is a normalized component. 

In a first numerical example it is assumed that in transverse scaling on the right-hand 
vehicle side, a wheel speed lower by 3% was sensed compared to the left-hand vehicle 
side (due to larger tire diameters). The longitudinal scalings have revealed respectively 
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identical speeds at the front, right; and at the rear, right; and at the front, left; and at the 
rear, left. FILREF is thus 3%, assuming that Kvl to Kv4 are respectively 1000. 

FILREF is related to the same basis as the preliminary factors of correction Kvl to Kv4. 
If the said basis is 1000, as mentioned in the afore-going, FILREF relates to 30. The 
resultant correction values K2 = K 3 = 1000 and Kl = K4 = 970 arise from the formulae 
referred to. 

In a second example for a tail-actuated vehicle, different wheel speeds are sensed on 
account of tire diameter differences. Related to the niinimum wheel speed, VI (front, 
left) is 5% higher; V4 (rear, left) 3%.. Through longitudinal scaling, left, the following 
values result: Kvl = 980; Kv4 = 1000, Kv2 = Kv3 = 1000; in transverse scaling, FILREF 
relates to 5% or (normalized to 1000) to 50 . The resultant correction values are then 
Kl = 950; K2 = K3 = 1000 and K4 = 970. 

The afore-described methods and devices enable correction values, in particular, factors 
of correction, to be determined fast and reliably for the correction of sensed wheel 
speeds, thereby increasing the reliability of the control measures taken in reference to the 
corrected wheel speeds. 

Equally, it is possible to evaluate the speed differences in cornering due to geometrical 
conditions by the corrected wheel speeds of the axle non-driven or deemed non-driven, 
and to carry out a transverse acceleration computation. 
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PATENT CLAIMS: 

1 . A method for determining correction values for the wheel speeds of a vehicle, 
comprising the step of determining the speeds of the vehicle wheels during travel, 
characterized in that the speeds of the vehicle wheels are evaluated in groups for at least 
one vehicle axle and at least one vehicle side, and that the correction values for the 
individual vehicle wheels are determined in accordance with the results of evaluation. 

2. A method according to claim 1, characterized in that the evaluation in groups is 
effected for the wheels of the non-driven axle and for the wheels of the left-hand vehicle 
side and the right-hand vehicle side. 

3. A method according to claims 1 or 2, characterized in that the evaluation in groups is 
effected for wheel speeds in relation to the wheel speed values determined during a state 
of travel in which conditions exist that are favorable for the evaluation of the wheel 
speed values of the group under consideration. 

4. A method according to any one of the preceding claims, characterized in that, grouped 
by vehicles axles, those determined speeds of the vehicle wheels are evaluated, that are 
determined during a straight travel of the vehicle. 

5. A method according to any one of the preceding claims, characterized in that, grouped 
by vehicle sides, those speeds of the vehicle wheels are evaluated that are determined 
during the disengaged state. 

6. A method according to any one of the preceding claims, characterized in that, grouped 
by vehicle sides, those speeds of the vehicle wheels are evaluated that are determined 
during a travel state in which the driving moment or the vehicle acceleration is positive 
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and the speed of the wheel on the axle driven or deemed driven is lower than the speed 
of the wheel on the axle non-driven or deemed non-driven, or during a travel state in 
which the driving moment or the vehicle acceleration is negative and the speed of the 
wheel on the axle driven or deemed driven is higher than the speed of the wheel on the 
axle non-driven or deemed non-driven. 

7. A method of any one of the preceding claims, characterized in that the wheel speeds 
used for the evaluation grouped by vehicle sides can be determined at different times than 
the wheel speeds used for the evaluation grouped by vehicle axles. 

8. A method according to any one of the preceding claims, characterized in that the 
evaluation in groups of wheel speeds covers the ratio formation and/or difference 
formation and/or the pair-wise normalization of the speeds of the wheels of this group. 

9. A method according to any one of the preceding claims, characterized in that a 
correction value is selected for one wheel, preferably the slowest wheel, and in relation 
thereto and in accordance with the results of evaluation, correction values are determined 
for the rest of the vehicle wheels. 

10. A method according to any one of the preceding claims, characterized in that on each 
vehicle side a preliminary correction value is selected for one of the wheels, preferably 
for the slower one, and for the respectively other wheel on this side, a preliminary 
correction value is determined in accordance with the wheel speeds determined on that 
side. 

1 1. A method according to claim 10, characterized in that the final values of correction 
are determined from the preliminary values of correction in accordance with the wheel 
speeds determined on one axle. 
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12. A method according to any one of the preceding claims, characterized in that the 
determination of the wheel speed of one wheel covers sensing the rotating speed of the 
wheel by means of a wheel sensor and, optionally, subsequent filtering of the sensed 
values. 

13. A method according to any one of the preceding claims and according to claim 4, 
characterized in that the straight travel of the vehicle is detected by evaluating the time 
sequence of the difference of the wheel speeds preferably on the non-actuated axle of the 
vehicle. 

14. A method according to claim 13, characterized in that, for evaluating the time 
sequence- of the difference of the wheel speeds, the signal of difference is guided across a 
first deep pass with a first time constant and, in parallel thereto, across a second deep 
pass with a second time constant exceeding the first time constant, thereby checking 
whether the amount of difference of the output signals of the two filters is below a 
threshold value. 

15. A method according to claim 14, characterized in that the first tune constant is in the 
range of between 10 and 100 s. 

16. A method according to claims 14 or 15, characterized in that the second time 
constant has a value 5 to 15 times the value of the first time constant. 

17. A method according to any one of claims 14 through 16, characterized in that the 
threshold value decreases with an increasing vehicle speed. 
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18. A method according to any one of claims 14 through 17, characterized by the step of 
checking whether the amount of difference of the output signals of both filters, within a 
gating time, permanently or at least for an adequate period bf time, falls below the 
threshold value, and that, once this criterion is fiilfiUed, straight driving is detected. 

19. A method according to any one of claims 14 through 1 8, characterized in that, for 
detecting straight driving, also the time sequence of the output signal of the second deep 
pass is checked whether, within a gating time, it permanently or for an adequate period 
of time, falls below a threshold value. 

20. A method according to any one of claims 14 through 19, characterized in that the 
evaluation in groups for the wheels of one axle is continuous in that upon detection of 
straight driving, the output signal of the second deep pass is stored as a reference value 
preliminarily representing the result of the evaluation, the reference value is compared to 
current output signals of the second deep pass and, in case of differences, the reference 
value is tracked with part of the difference to the current signal value, with an 
acknowledgement signal used to release the stored reference value being additionally 
generated if the difference within a predetermined period of time was sufBciently small. 

21 . A method for determining the wheel speeds of a vehicle, comprising the following 
steps: sensing the wheel speeds by wheel sensors, determining a correction value for each 
wheel in respect of the wheel speed sensed on that wheel in accordance with a method of 
one of the preceding claims, and correcting the sensed wheel speeds in accordance with 
the corresponding values of correction. 

22. A method according to claim 21, characterized in that the values of correction are 
factors of correction by which the sensed wheel speeds are multiplied. 
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23. A method according to any one of the preceding claims and according to claim 4, 
characterized in that the driving state is determined under conditions favorable for the 
evaluation of the wheel speed values of the group under consideration on the basis of 
corrected wheel speed values, with the correction being effected in accordance with 
previously determined values of correction. 

24. A device for determining values of correction for the wheel speeds of a vehicle, 
comprising wheel sensors (111 - 114) for determining the speeds of the wheels (iOl - 
104) of the vehicle during travel, characterized by a determining means (230, 601 - 607) 
evaluating the speeds of the vehicle wheels in groups for at least one vehicle axle and at 
least one vehicle side, and determining the values of correction for the individual wheels 
of the vehicle in accordance with the results of evaluation. 

25. A device according to claim 24, characterized in that in that the determining means 
(230, 601 - 607) comprises a means (601) for evaluating, in groups, the speeds of the 
wheel of the non-driven axle, and respectively one device (601, 603) for evaluating, in 
groups, the speeds of the wheels on the left-hand vehicle side and the right-hand vehicle 
side. 

26. A device according to claims 24 or 25, characterized by a state detection means 
(210, 401 - 410) determining a driving state in which conditions for the wheel speed 
values of the group under consideration prevail that are favorable for evaluating wheel 
speeds, in groups. 

27. A device according to claim 26, characterized in that the state detection means (210, 
401-410) comprises a detecting means (401-410) for detecting straight travel of the 
vehicle. 
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28. A device according to claims 26 or 27, characterized in that the state detecting means 
(210, 401 - 410) comprises a detecting means for detecting the disengaged state in the 
vehicle. 

29. A device according to any one of the preceding claims, characterized in that a device 
(601 - 603) for evaluating, in groups, wheel speeds comprises a means (401) for the 
ratio formation and/or the difference formation and/or for the normalization, in pairs, of 
the speeds of the wheels of the said group. 

30. A device according to any one of the preceding claims and according to claim 27, 
characterized in that the detecting means for detecting the straight travel of the vehicle 
comprises at least one deep pass (402, 403) evaluating the value of the difference 
between the wheel speeds of one axle. 

3 1. A device according to claim 30, characterized in that the detecting means for 
detecting the straight travel comprises a first deep pass (402) with a first time constant, 
and a second deep pass (403) with a second time constant exceeding the first time 
constant, and a check means for checking the difference of the output signals of the two 
filters. 

32. A device according to claim 31, characterized in that the fixst time constant is in the 
range of between 10 and 100 ms. 

33. A device according to claims 31 or 32, characterized in that the second time constant 
has a value 5 to 15 times the first time constant. 

34. A device according to any one of claims 31 through 33, characterized by a means 
(505, 506) for checking whether the amount of difference of the output signals of both 
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filters, within a gating time, permanently or at least for an adequate period of time, falls 
below the threshold value. 

35. A device according to any one of claims 3 1 through 34, characterized by a means 
(507, 508) for checking the time sequence of the output signal of the second deep pass 
(403). 
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SUMMARY 

Method and Device for Determining Correction Values for Wheel Speeds 

A method is provided for determining correction values for the wheel speeds of a 
vehicle, comprising the step of determining the speeds of the vehicle wheels during 
travel, with the speeds of the vehicle wheels being evaluated, in groups, for at least one 
vehicle axle and at least one vehicle side and values of correction for the individual 
vehicle wheels being determined in accordance with the evaluation results. Moreover, a 
device is provided for determining correction values, comprising wheel sensors (111- 
1 14) for determining the speeds of wheels (101 - 104) of the vehicle during travel, and a 
determining means (230, 601 - 607) evaluating the speeds of the vehicle wheels, in 
groups, for at least one vehicle axle and at least one vehicle side, and determining 
correction values for the individual vehicle wheels in accordance with the results of 
evaluation. 
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